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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cooling 
device of a fuel cell capable of accurately detecting 
the use rate of ion exchange resin stored in an ion 
exchanger. 

SOLUTION: This cooling device of the fuel cell 
comprises a circulating route 1 for circulating cooling 
water between a fuel cell 20 and a radiator 30, a 
pump 2 installed in the circulating route 1, a bypass 
route 3 branched from the circulating route 1 and 
merging to the circulating route 1 after bypassing the 
fuel cell, and the ion exchanger 4 installed in the 
bypass route 3 to adsorb ions in the cooling water. 
The cooling device also comprises electric 
conductivity sensors 5a and 5b for measuring the 
electric conductivity of the cooling water at the outlet and inlet of the ion exchanger 4. The 
use rate of the ion exchange resin stored in the ion exchanger 4 is calculated by the ratio 
of the electric conductivities of the cooling water at the inlet and outlet of the ion exchanger 
4. 
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* NOTICES * 

JPO and MCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The circulation path which circulates cooling water between a fuel cell and a radiator, and 
the cooling- water- flow means formed in this circulation path, In the cooling system which has the 
bypass path which branches from said circulation path, bypasses said fuel cell, and joins said 
circulation path, and the ion-exchange machine formed into said bypass path in order to adsorb the 
ion in said cooling water This cooling system has the electrical conductivity sensor which measures 
the electrical conductivity of cooling water at the outlet and inlet port of said ion-exchange machine. 
The cooling system of the fuel cell characterized by computing the activity ratio of the ion exchange 
resin contained in said ion-exchange machine based on the electrical conductivity of the cooling 
water in said inlet port and said outlet. 

[Claim 2] The circulation path which circulates cooling water between a fuel cell and a radiator, and 
the bypass path which branches from this circulation path, bypasses said fuel cell, and joins said 
circulation path, In the cooling system which has the ion-exchange machine formed into said bypass 
path in order to adsorb the ion in said cooling water, and the cooling-water- flow means formed in 
said circulation path This cooling system is a cooling system of the fuel cell characterized by 
computing the activity ratio of the ion exchange resin which has the electrical conductivity sensor 
which measures the electrical conductivity of cooling water in the circulation path, and was 
contained in said ion-exchange machine from the fall rate of said electrical conductivity from 
circulation initiation of said cooling water. 

[Claim 3] The cooling system of the fuel cell according to claim 1 or 2 characterized by forming the 

temperature sensor which measures the water temperature of said cooling water into said circulation 

path, and for said water temperature amending, and asking for said activity ratio. 

[Claim 4] The cooling system of a fuel cell given in any 1 term of claim 1 to claim 3 characterized 

by forming the flow rate sensor which measures the flow rate to said ion-exchange machine of said 

cooling water into said bypass path, and for said flow rate amending, and asking for said activity 

ratio. 

[Claim 5] The cooling system of a fuel cell given in any 1 term of claim 1 to claim 3 characterized 
by presuming the flow rate to said ion-exchange machine of said cooling water from the output of 
said cooling-water-flow means, and amending said electrical conductivity with said flow rate. 
[Claim 6] The cooling system of the fuel cell according to claim 1 or 2 which has a flow regulation 
means to adjust the flow rate to said ion-exchange machine of said cooling water for said bypass 
path, and is characterized by controlling said flow regulation means and adjusting the flow rate of 
the cooling water to said ion-exchange machine with the activity ratio of said ion exchange resin. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cooling system in a fuel cell generation-of- 

electrical-energy system. 

[0002] 

[Description of the Prior Art] In order to prevent the liquid junction phenomenon through cooling 
water generally in the cooling system which cools a fuel cell with cooling water, advanced electric 
insulation is required of cooling water. Therefore, the electric insulation of cooling water is 
maintained by forming the ion-exchange machine with which ion exchange resin was contained in a 
cooling path, making an ion-exchange machine circulate through the cooling water of a fixed-among 
cooling water which circulates through cooling path rate, and making the ion in cooling water stick 
to ion exchange resin. 

[0003] Ion exchange resin loses the ion adsorption capacity force gradually by adsorbing the ion in 
cooling water. If the ion adsorption capacity force of ion exchange resin falls to the degree of pole, 
the danger that it will become impossible to already adsorb the ion in cooling water fully, the electric 
insulation of cooling water will no longer be maintained, and a liquid junction phenomenon will 
occur increases. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is made in view of such a trouble, and let 
it be a technical problem to offer the cooling system of the fuel cell which can grasp exactly the 
activity ratio of the ion exchange resin contained by the ion-exchange machine. 
[0005] 

[Means for Solving the Problem] This invention was constituted as follows, in order to solve said 
technical problem. The circulation path which invention according to claim 1 makes circulate 
through cooling water between a fuel cell and a radiator, The cooling-water-flow means formed in 
this circulation path, and the bypass path which branches from said circulation path, bypasses said 
fuel cell, and joins said circulation path, In the cooling system which has the ion-exchange machine 
formed into said bypass path in order to adsorb the ion in said cooling water this cooling system It 
has the electrical conductivity sensor which measures the electrical conductivity of cooling water at 
the outlet and inlet port of said ion-exchange machine. It is the cooling system of the fuel cell 
characterized by computing the activity ratio of the ion exchange resin contained in said ion- 
exchange machine based on the electrical conductivity of the cooling water in said inlet port and said 
outlet. 

[0006] According to invention according to claim 1 , the bypass path which bypasses a fuel cell for 
the circulation path which circulates the cooling water for cooling a fuel cell is established, and the 
ion-exchange machine for adsorbing the ion in cooling water is formed into this bypass path. If it 
circulates through cooling water for a circulation path with cooling-water-flow means, such as a 
pump, since the ion exchange resin which the part circulated in the ion-exchange vessel in a bypass 
path, and was contained in the ion-exchange machine will adsorb and ion will be removed with it by 
this, the ion in cooling water is always maintained at low concentration, and the electric insulation of 
cooling water is maintained. 

[0007] Ion exchange resin is used by adsorbing the ion in cooling water, and loses the capacity 
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gradually. By this invention, the electrical conductivity sensor for measuring the electrical 
conductivity of cooling water is formed in the inlet port and outlet of cooling water of an ion- 
exchange machine, and the activity ratio of ion exchange resin is computed by taking the ratio of the 
electrical conductivity of the cooling water in an outlet to the electrical conductivity of the cooling 
water in an inlet port. 

[0008] The circulation path which invention according to claim 2 makes circulate through cooling 
water between a fuel cell and a radiator, The bypass path which branches from this circulation path, 
bypasses said fuel cell, and joins said circulation path, In the cooling system which has the ion- 
exchange machine formed into said bypass path in order to adsorb the ion in said cooling water, and 
the cooling-water- flow means formed in said circulation path This cooling system has the electrical 
conductivity sensor which measures the electrical conductivity of cooling water in a circulation path. 
It is the cooling system of the fuel cell characterized by computing the activity ratio of the ion 
exchange resin contained in said ion-exchange machine from the fall rate of said electrical 
conductivity from circulation initiation of said cooling water. 

[0009] According to invention according to claim 2, the BAIBASU way which bypasses a fuel cell 
for the circulation path which circulates the cooling water for cooling a fuel cell is prepared, and the 
ion-exchange machine for adsorbing the ion in cooling water is formed into this bypass path. If it 
circulates through cooling water for a circulation path with cooling-water-flow means, such as a 
pump, since the ion exchange resin which the part circulated in the ion-exchange vessel in a bypass 
path, and was contained in the ion-exchange machine will adsorb and ion will be removed with it by 
this, the ion in cooling water is always maintained at low concentration, and the electric insulation of 
cooling water is maintained. 

[0010] In the cooling system of this invention, it has the electrical conductivity sensor for measuring 
the electrical conductivity of cooling water in a circulation path. If circulation of cooling water is 
started by starting of a fuel cell etc. in a circulation path, since some cooling water will circulate an 
ion-exchange machine, ion is removed out of cooling water and the electrical conductivity of cooling 
water falls. 

[001 1] It depends for the fall rate of this electrical conductivity on the activity ratio of ion exchange 
resin greatly, and a fall rate becomes small, so that a fall rate is so so large that the activity ratio of 
ion exchange resin is small (that ****** is large) and the activity ratio of ion exchange resin is large 
(so that ****** is small). 

[0012] It becomes more possible than the fall rate of the electrical conductivity of the cooling water 
from circulation initiation from this to grasp the activity ratio of ion exchange resin correctly. 
Moreover, since **** [ the number of the electrical conductivity sensors needed in a circulation path 
in this case / one ], they become possible [ reducing the installation cost of an electrical conductivity 
sensor ] compared with invention according to claim 1 . 

[0013] Invention according to claim 3 is the cooling system of the fuel cell according to claim 1 or 2 
characterized by forming the temperature sensor which measures the water temperature of said 
cooling water into said circulation path, and for said water temperature amending, and asking for 
said activity ratio. 

[0014] Since the temperature sensor which measures the water temperature of cooling water was 
formed into the circulation path according to invention according to claim 3, it becomes possible to 
grasp the water temperature of cooling water correctly. Though the electrical conductivity of cooling 
water changes also with water temperature and contains the ion of the metaphor said concentration, 
if its water temperature is low, electrical conductivity will become small, and electrical conductivity 
will become large if water temperature is high. In the cooling system of this invention, since it asks 
for the activity ratio of ion exchange resin after the water temperature of cooling water amends, it 
becomes possible to obtain a more exact activity ratio. 

[0015] Invention according to claim 4 is the cooling system of a fuel cell given in any 1 term of 
claim 1 to claim 3 characterized by forming the flow rate sensor which measures the flow rate to said 
ion-exchange machine of said cooling water into said bypass path, and for said flow rate amending, 
and asking for said activity ratio. 

[0016] Since the flow rate sensor which measures the flow rate of the cooling water to an ion- 
exchange machine was formed into the bypass path according to invention according to claim 4, it 
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becomes possible to grasp correctly the flow rate of the cooling water which circulates an ion- 
exchange machine. 

[0017] According to invention according to claim 4, like invention according to claim 1, even if it is 
the case where the fall rate of electrical conductivity is evaluated like invention according to claim 2 
even if it is the case where an electrical conductivity sensor is formed in the inlet port and outlet of 
an ion-exchange machine, it is clear that electrical conductivity's of cooling water it is dependent 
also on the flow rate of the cooling water to an ion-exchange machine. 

[001 8] In the cooling system of this invention, since the flow rate of the cooling water to an ion- 
exchange machine is grasped, this flow rate amends and it asks for the activity ratio of ion exchange 
resin with the flow rate sensor formed into the bypass path, it becomes possible to obtain a more 
exact activity ratio. 

[0019] Invention according to claim 5 is the cooling system of a fuel cell given in any 1 term of 
claim 1 to claim 3 characterized by presuming the flow rate to said ion-exchange machine of said 
cooling water from the output of said cooling-water-flow means, and amending said electrical 
conductivity with said flow rate. 

[0020] According to invention according to claim 5, since the flow rate of the cooling water to said 
ion-exchange machine is presumed and this flow rate amends the electrical conductivity of cooling 
water, it becomes possible to ask accuracy for the activity ratio of ion exchange resin more from the 
output of circulating flow of cooling- water-flow means, such as a pump formed into the circulation 
path, i.e., the amount of the cooling water in a circulation path. Moreover, since a flow rate sensor 
becomes unnecessary in this case, compared with invention according to claim 4, it becomes 
possible to reduce the installation cost of a flow rate sensor. 

[002 1 ] Invention according to claim 6 is the cooling system of the fuel cell according to claim 1 or 2 
which has a flow regulation means to adjust the flow rate to said ion-exchange machine of said 
cooling water for said bypass path, and is characterized by controlling said flow regulation means 
and adjusting the flow rate of the cooling water to said ion-exchange machine with the activity ratio 
of said ion exchange resin. 

[0022] According to invention according to claim 6, flow regulation means, such as a flow control 
valve, are formed in a bypass path, and the flow rate of the cooling water to an ion-exchange 
machine is adjusted by adjusting this flow regulation means based on the activity ratio of ion 
exchange resin. Thereby, when the activity ratio of ion exchange resin is small, the flow rate of the 
cooling water to an ion-exchange machine is made small, and it is not based on the activity ratio of 
ion exchange resin by enlarging the flow rate of the cooling water to an ion-exchange machine, when 
the activity ratio of ion exchange resin is large, but it becomes possible to maintain the insulating 
engine performance in cooling water. 
[0023] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained referring to a 
drawing suitably. Drawing 1 is the block diagram showing the 1 st operation gestalt of the cooling 
system of this invention, drawing 2 is a map used with the 1st operation gestalt, and drawing 3 is a 
flow chart which shows control of the 1 st operation gestalt. 

[0024] The cooling system of the 1 st operation gestalt is formed in the circulation path 1 which 
circulates through cooling water between a fuel cell 20 and a radiator 30 and which is a closed path, 
and the path of this circulation path 1 , and has the pump 2 for circulating cooling water by the 
predetermined flow rate. 

[0025] The branch point 9 exists in this circulation path 1 for the upstream of a fuel cell 20. The 
circulation path 1 branches at the branch point 9, bypasses a fuel cell 20, and joins the circulation 
path 1 again in the juncture 10 which exists between a fuel cell 20 and a pump 2. The path which 
bypasses the fuel cell between this junction 9 and juncture 10 is called the bypass path 3. 
[0026] In this bypass path 3, 1st electrical conductivity sensor 5a and 2nd electrical conductivity 
sensor 5b which were prepared in the ion-exchange machine 4 for adsorbing the ion in cooling 
water, and the upstream (entrance side) and the lower stream of a river (outlet side) of the ion- 
exchange machine 4, respectively, the flow rate sensor 6 which measures the flow rate of the cooling 
water which flows to the ion-exchange machine 4, and the temperature sensor 7 for measuring the 
water temperature of the cooling water which flows to the ion-exchange machine 4 exist. 
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[0027] Moreover, the cooling system of the 1st operation gestalt is carried out based on the water 
temperature and flow rate of the electrical conductivity of the cooling water measured by the 1 st and 
2nd electrical conductivity sensors 5a and 5b, and cooling water, and it has the control unit 8 for 
evaluating the activity ratio of the ion exchange resin contained by the ion-exchange machine 4. This 
control unit 8 also has the function to perform information for urging exchange of the ion-exchange 
machine 4 or playback of ion exchange resin to a user, when the activity ratio of ion exchange resin 
exceeds a predetermined value (for example, 80%). Here, the activity ratio of ion exchange resin 
shows the ratio of the ion exchange resin which lost the adsorption capacity force by adsorbing ion, 
when ion exchange resin is a new article, it is 0%, and it increases with adsorption of ion. For 
example, 80% of ion exchange resin loses [ an activity ratio ] capacity by adsorption of ion in 80%, 
and it is shown that ****** D f ion exchange resin is 20%. 

[0028] In the gestalt of this operation, cooling water can give the circulation force with a pump 2, 
and is cooled to predetermined temperature in the process which circulates a radiator 30, and, in a 
part, the remainder circulates to a fuel cell 20 for the bypass path 3 at a junction 9. The cooling water 
which circulated for the bypass path 3 circulates to the ion-exchange machine 4, after water 
temperature is measured by the temperature sensor 7, a flow rate is measured by the flow rate sensor 
6 and electrical conductivity is measured by 1st electrical conductivity sensor 5a. 
[0029] Into the ion-exchange machine 4, ion exchange resin is contained, and cooling water is 
contacting ion exchange resin, and after the contained ion is removed, it is emitted from the ion- 
exchange machine 4. Electrical conductivity is measured by 2nd electrical conductivity sensor 5b, 
and in a juncture 10, the cooling water emitted from the ion-exchange machine 4 joins the circulation 
path 1, can give the circulation force with a pump 2 again, and circulates through the inside of the 
circulation path 1 . 

[0030] Then, the evaluation of the activity ratio of ion exchange resin performed in a control unit 8 is 
explained in full detail. In the gestalt of this operation, the electrical conductivity of cooling water 
before and after passing the ion-exchange machine 4 is measured by the 1st and 2nd electrical 
conductivity sensors 5a and 5b formed in the inlet port and outlet of the ion-exchange machine 4. 
The ratio (electrical conductivity (outlet)/electrical conductivity (inlet port)) of the electrical 
conductivity obtained from 2nd electrical conductivity sensor 5b (outlet) to the electrical 
conductivity obtained from 1st electrical conductivity sensor 5a (inlet port) is closely related to the 
activity ratio of ion exchange resin. In addition, suppose that this ratio (electrical conductivity 
(outlet)/electrical conductivity (inlet port)) is called an "electrical conductivity ratio." 
[003 1 ] An electrical conductivity ratio is a numeric value which takes the value of 0- 1 , and it is 
shown that the ion adsorption capacity force of ion exchange resin is so high that this value is small, 
i.e., the activity ratio of ion exchange resin is small. On the contrary, it is shown that the ion 
adsorption capacity force of ion exchange resin is so low that this value is large, i.e., the activity ratio 
of ion exchange resin is large. 

[0032] A control unit 8 becomes possible [ asking for the activity ratio of ion exchange resin ] from 
an electrical conductivity ratio by referring to the map ( drawing 2 ) memorized inside using this 
relation. 

[0033] An example of this map was shown in drawing 2 . The axis of ordinate of a map is an 
electrical conductivity ratio, and the axis of abscissa expresses the activity ratio (%) of ion exchange 
resin. In drawing 2 , although three graphs are drawn, this corresponds to the size of the flow rate of 
cooling water to the ion-exchange machine 4. That is, since the contact time of ion exchange resin 
and cooling water will become short if there are many flow rates of cooling water even if an 
electrical conductivity ratio changes also with the flow rates of the cooling water to the ion-exchange 
machine 4 and its activity ratio of ion exchange resin is the same, adsorption of ion fully becomes 
impossible and an electrical conductivity ratio increases. Thus, even if it is the case where the flow 
rates of the cooling water to the ion-exchange machine 4 differ, in order to ask for the exact activity 
ratio of ion exchange resin, the map ( drawing 2 ) has the graph which changes with flow rates. 
[0034] Moreover, in order that the electrical conductivity of cooling water may change also with the 
water temperature of cooling water, in the usual case, the temperature compensation which 
multiplies by the temperature compensation multiplier to electrical conductivity is needed. However, 
since a temperature compensation multiplier is offset by the denominator and the molecule in order 
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to compute the ratio of the electrical conductivity obtained from the 1st and 2nd electrical 
conductivity sensors 5a and 5b in the case of the gestalt of this operation, the temperature 
compensation of electrical conductivity is unnecessary. 

[0035] Then, drawing 3 explains the flows of control of the cooling system of the gestalt of this 
operation. First, in S 1 1 , the flow rate of the cooling water to which the electrical conductivity (inlet 
port) and electrical conductivity (outlet) of cooling water circulate [ the water temperature of cooling 
water ] in the ion-exchange vessel 4 a flow rate sensor 6 by the 1 st and 2nd electrical conductivity 
sensors 5a and 5b is read by the temperature sensor 7, respectively. 

[0036] Then, in SI 2, electrical conductivity (inlet port) and electrical conductivity (outlet) are 
amended by the water temperature of cooling water, respectively. Then, in SI 3, a conductivity ratio 
(electrical conductivity (outlet)/electrical conductivity (inlet port)) is computed. 
[0037] Then, in SI 4, a map ( drawing 2 ) is referred to and the activity ratio of ion exchange resin is 
called for. 

[0038] When it is judged whether the activity ratio of ion exchange resin is below a predetermined 
value and it is finally over the predetermined value in SI 5, a control unit 8 reports the purport "the 
activity ratio of ion exchange resin exceeded the predetermined value" to the user to (N) (SI 6). 
When other, processing returns to ( Y) S 1 1 . 

[0039] In addition, in the cooling system of the 1st operation gestalt, although measured with the 
flow rate sensor 6 which prepared the flow rate of the cooling water to the ion-exchange machine 4 
in the bypass path 3, the flow rate of the cooling water to the ion-exchange machine 4 can also be 
presumed from the output of circulating flow to the pump 2 which is a cooling- water-flow means, 
i.e., the amount of the cooling water in the circulation path 1, using a map etc. By doing in this way, 
it becomes unnecessary to use a flow rate sensor 6, and the configuration of a cooling system will 
become simpler. 

[0040] Then, with reference to drawing 4 - drawing 7 , the 2nd operation gestalt of the cooling 
system of this invention is explained. In addition, a same sign is given to the configuration same 
about drawing 4 as drawing 1 , and the explanation is omitted. The cooling system of the 2nd 
operation gestalt has the same configuration as the 1st operation gestalt, except that the number of 
the electrical conductivity sensors 5 is one. 

[0041 ] That is, if drawin g 4 is referred to, the cooling system of the 2nd operation gestalt is formed 
in the circulation path 1 which circulates through cooling water between a fuel cell 20 and a radiator 
30 and which is a closed path, and the path of this circulation path 1, and has the pump 2 for 
circulating cooling water by the predetermined flow rate. 

[0042] Into this circulation path 1, the electrical conductivity sensor 5 for measuring the electrical 
conductivity of cooling water and the temperature sensor 7 for measuring the water temperature of 
cooling water are formed. 

[0043] Moreover, the branch point 9 exists in the circulation path 1 for the upstream of a fuel cell 20. 
The circulation path 1 branches at the branch point 9, bypasses a fuel cell 20, and joins the 
circulation path 1 again in the juncture 10 which exists between a fuel cell 20 and a pump 2. The 
path which bypasses the fuel cell between this junction 9 and juncture 10 is called the bypass path 3. 
[0044] In this bypass path 3, the flow rate sensor 6 which measures the flow rate of the cooling water 
which flows to the ion-exchange machine 4 and the ion-exchange machine 4 for adsorbing the ion in 
cooling water exists. 

[0045] Moreover, the cooling system of the 2nd operation gestalt is carried out based on the water 
temperature and flow rate of the electrical conductivity of the cooling water measured by the 
electrical conductivity sensor 5, and cooling water, and it has the control unit 8 for evaluating the 
activity ratio of the ion exchange resin contained by the ion-exchange machine 4. This control unit 8 
also has the function to perform information for urging exchange of the ion-exchange machine 4 or 
playback of ion exchange resin to a user, when the activity ratio of ion exchange resin exceeds a 
predetermined value (for example, 80%). 

[0046] Then, the evaluation of the activity ratio of ion exchange resin performed with a control unit 
8 is explained in full detail. In the gestalt of this operation, since only the piece exists, the electrical 
conductivity sensor 5 has adopted a different measuring method from the 1 st operation gestalt in 
evaluation of the activity ratio of ion exchange resin. 
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[0047] The measuring method evaluates the activity ratio of ion exchange resin from the size of the 
fall rate of the electrical conductivity after starting circulation of cooling water. 
[0048] While the fuel cell system has stopped, ion begins to melt into cooling water gradually, and 
the electrical conductivity of cooling water increases from the member which constitutes the 
circulation path 1. If a fuel cell system works, since cooling water will begin to circulate through the 
circulation path 1 and the ion-exchange machine 4 will adsorb in ion, the electrical conductivity of 
cooling water falls gradually. 

[0049] By the way, the fall rate of the electrical conductivity of cooling water changes with activity 
ratios of ion exchange resin. That is, since the ion adsorption capacity force of ion exchange resin is 
small when the activity ratio of ion exchange resin is high, the fall rate of the electrical conductivity 
of cooling water becomes small. On the contrary, since the ion adsorption capacity force of ion 
exchange resin is large when the activity ratio of ion exchange resin is low, the fall rate of the 
electrical conductivity of cooling water becomes large. 

[0050] The utilization factor of ion exchange resin can be searched for from the fall rate of the 
electrical conductivity from circulation initiation of cooling water using this. It roughly divides into 
the approach of asking for the activity ratio of ion exchange resin from the fall rate of the electrical 
conductivity of cooling water, and two kinds such as the approach using (1) map and approach [ by 
(2) repeat count ] ** exist in it. Hereafter, each approach is explained. 

[0051] (1) In the approach this gentleman method using a map, compute the fall rate of the electrical 
conductivity of the cooling water immediately after circulation initiation, and electrical conductivity 
to the electrical conductivity of the cooling water after after [ circulation initiation ] predetermined 
time progress, and it is applying to a map as shows this electrical conductivity fall rate to drawing 5 , 
and ask for the activity ratio of ion exchange resin. In addition, this map ( drawing 5 ) is beforehand 
memorized in the control unit 8. 

[0052] An axis of ordinate shows the electrical conductivity fall rate of cooling water, and, as for 
drawing 5 , the axis of abscissa shows the activity ratio (%) of ion exchange resin. Although three 
graphs are drawn on the map, this corresponds to the difference in the flow rate of cooling water to 
the ion-exchange machine 4. 

[0053] Moreover, as described above, since it changes also with the water temperature of cooling 
water, in order to ask accuracy for the activity ratio of ion exchange resin more, it is desirable [ the 
electrical conductivity of cooling water ] to carry out temperature compensation of the electrical 
conductivity of cooling water. Temperature compensation is performed by more specifically 
multiplying electrical conductivity by the temperature compensation multiplier uniquely determined 
from the water temperature of cooling water. 

[0054] Then, the flows of control of this approach are explained with reference to drawing 6 . First, a 
fuel cell system measures the flow rate of the cooling water to the electrical conductivity of the 
cooling water immediately after operation initiation, cooling water water temperature, and the ion- 
exchange machine 4, and it memorizes in a control unit 8 (S21). 

[0055] Then, the flow rate of the cooling water to the electrical conductivity of cooling water, 
cooling water water temperature, and the ion-exchange machine 4 is measured after predetermined 
time from operation initiation of a fuel cell system, and it memorizes in a control unit 8 (S22). Then, 
the average stream flow of the cooling water in predetermined time is calculated from the flow rate 
of the cooling water to the ion-exchange machine 4 obtained by S21 and S22 (S23). Then, the water 
temperature of the cooling water obtained by S21 and S22 amends electrical conductivity (S24). 
[0056] Then, the fall rate of the electrical conductivity in predetermined time is found from the 
electrical conductivity of the cooling water by which temperature compensation was carried out 
(S25). Then, the activity ratio of ion exchange resin is computed by applying the fall rate of the 
electrical conductivity called for by the average stream flow of the cooling water called for by S23, 
and S25 to a map ( drawing 5 ) (S26). 

[0057] When it is finally judged whether the activity ratio of ion exchange resin is below a 
predetermined value (S27) and it is over the predetermined value, to (N), a control unit 8 reports the 
purport "the activity ratio of ion exchange resin exceeded the predetermined value" to the user (S28), 
and ends processing to it. 

[0058] (2) The approach this gentleman method by repeat count will use that it can ask for the 
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electrical conductivity of the cooling water after predetermined time by count by making the 
electrical conductivity of the cooling water immediately after circulation initiation into initial value, 
if the flow rate of the cooling water to the ion-exchange machine 4 and the activity ratio of ion 
exchange resin are found beforehand. 

[0059] That is, if the activity ratio of ion exchange resin and the flow rate to the ion-exchange 
machine 4 of cooling water are found, since the decreasing rate of the electrical conductivity of 
cooling water before and after passing the ion-exchange machine 4 will become settled uniquely, it 
becomes possible to ask for the electrical conductivity of the cooling water after predetermined time 
from the total amount of circulation of the cooling water which circulated in the ion-exchange vessel 
4 in predetermined time. 

[0060] The electrical conductivity of the cooling water after predetermined time is calculated giving 
an actual measurement as a flow rate of the cooling water to the ion-exchange machine 4, giving the 
electrical conductivity of the cooling water immediately after circulation initiation as initial value 
using this, and changing the activity ratio of ion exchange resin gradually as a variable. Then, 
although the calculated value of the electrical conductivity after predetermined time is in agreement 
with the conductivity after the surveyed predetermined time in the place used as a value with the 
activity ratio of the ion exchange resin which is a variable, it makes the activity ratio of the ion 
exchange resin used for count as a variable on this occasion the activity ratio of actual ion exchange 
resin. In addition, also in this approach, as described above, it is desirable to carry out temperature 
compensation of the electrical conductivity of cooling water. 

[0061] Then, the flows of control of this approach are explained with reference to drawing 7 . Since 
the flow to S31-S34 is the same as that even of S21-S24 in drawing 6 , the explanation is omitted. 
[0062] In order to calculate the electrical conductivity of the cooling water after predetermined time 
by setting to S35, an ion-exchange-resin assumption activity ratio is set up with 0 (%). Then, in S36, 
it is based on the average stream flow of cooling water to the ion-exchange machine 4 within 
predetermined time called for from S33, the initial value of the electrical conductivity immediately 
after fuel cell system operation of the cooling water called for by S3 1 , and the ion-exchange-resin 
assumption activity ratio assumed by S35, and the electrical conductivity of the cooling water after 
predetermined time is computed from system operation. 

[0063] Then, in S3 7, the electrical conductivity (calculated value) computed by S36 and the 
electrical conductivity (actual measurement) of the cooling water after [ the system operation called 
for by S32 to ] predetermined time are measured. In S37, in the case of electrical conductivity 
(calculated value) != electrical conductivity (actual measurement), only a constant A increases an 
ion-exchange-resin assumption activity ratio (S3 8), processing returns to S3 6 and calculation of 
electrical conductivity (calculated value) is again performed to (N). 

[0064] To it, in S3 7, when it becomes electrical conductivity (calculated value) = electrical 
conductivity (actual measurement), processing shifts to S3 9 and an ion-exchange-resin activity ratio 
is made at (Y) equal to the ion-exchange-resin assumption activity ratio used for count in S36 in S39. 

[0065] Then, in S40, when it is judged whether the ion-exchange-resin activity ratio is over the 
predetermined value and it is over the predetermined value, in S41, to (N), a control unit 8 reports 
the purport "the activity ratio of ion exchange resin exceeded the predetermined value" to the user, 
and ends processing to it. 

[0066] As mentioned above, in the 2nd operation gestalt, although the 2nd operation gestalt of the 
cooling system of this invention was explained, since only a piece needs the electrical conductivity 
sensor 5, as compared with the 1st operation gestalt, it becomes possible to reduce the installation 
cost of an electrical conductivity sensor. 

[0067] Moreover, in the cooling system of the 2nd operation gestalt, although measured with the 
flow rate sensor 6 which prepared the flow rate of the cooling water to the ion-exchange machine 4 
in the bypass path 3, the flow rate of the cooling water to the ion-exchange machine 4 can also be 
presumed from the output of circulating flow to the pump 2 which is a cooling-water-flow means, 
i.e., the amount of the cooling water in the circulation path 1, using a map etc. By doing in this way, 
it becomes unnecessary to use a flow rate sensor 6, and the configuration of a cooling system will 
become simpler. 
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[0068] Then, the 3rd operation gestalt of the cooling system of this invention is explained using 
drawing 8 . In addition, in drawing 8 , a same sign is given to the same configuration as drawing 4 , 
and the explanation is omitted. The cooling system of the 3rd operation gestalt is the same as that of 
the 2nd operation gestalt ( drawing 4 ), except that the flow control valve 1 1 is formed into the 
bypass path 3. 

[0069] That is, if drawing 8 is referred to, the cooling system of the 2nd operation gestalt is formed 
in the circulation path 1 which circulates through cooling water between a fuel cell 20 and a radiator 
30 and which is a closed path, and the path of this circulation path 1, and has the pump 2 for 
circulating cooling water by the predetermined flow rate. 

[0070] Into this circulation path 1 , the electrical conductivity sensor 5 for measuring the electrical 
conductivity of cooling water and the temperature sensor 7 for measuring the water temperature of 
cooling water are formed. Moreover, the branch point 9 exists in the circulation path 1 for the 
upstream of a fuel cell 20. The circulation path 1 branches at the branch point 9, bypasses a fuel cell 
20, and joins the circulation path 1 again in the juncture 10 which exists between a fuel cell 20 and a 
pump 2. The path which bypasses the fuel cell between this junction 9 and juncture 10 is called the 
bypass path 3. 

[0071] In this bypass path 3, the flow rate sensor 6 which measures the flow rate of the cooling water 
which flows to the ion-exchange machine 4 and the ion-exchange machine 4 for adsorbing the ion in 
cooling water, and the flow control valve 1 1 which adjusts the flow rate of the cooling water which 
flows in the ion-exchange vessel 4 exist. 

[0072] Moreover, the cooling system of the 3rd operation gestalt is carried out based on the water 
temperature and flow rate of the electrical conductivity of the cooling water measured by the 
electrical conductivity sensor 5, and cooling water, and it has the control unit 8 for evaluating the 
activity ratio of the ion exchange resin contained by the ion-exchange machine 4. This control unit 8 
has the function to adjust the opening of a flow control valve 1 1 and to adjust the flow rate of the 
cooling water to the ion-exchange machine 4 with the function to perform information for urging 
exchange of the ion-exchange machine 4 or playback of ion exchange resin to a user, and the activity 
ratio of ion exchange resin, when the activity ratio of ion exchange resin exceeds a predetermined 
value (for example, 80%). 

[0073] In the gestalt of this operation, based on the activity ratio of ion exchange resin, a control unit 
8 can control the opening of a flow control valve 1 1 , and the flow rate of the cooling water to the 
ion-exchange machine 4 can be adjusted. Thereby, it cannot be based on the activity ratio of ion 
exchange resin, but the cooling water of an always suitable amount can be circulated to the ion- 
exchange machine 4. 

[0074] The control of flow of this cooling water is explained in full detail. In the cooling system of 
this invention, some cooling water is circulated in the ion-exchange vessel 4 so that the concentration 
of the ion in cooling water may not exceed a predetermined value. 

[0075] Since the ion adsorption capacity force of ion exchange resin is high when the activity ratio 
of ion exchange resin is low, many ion can be adsorbed from the cooling water per unit volume. 
Therefore, the electrical conductivity of the cooling water with which the flow rate of the cooling 
water to the ion-exchange machine 4 circulates through the circulation path 1 as a result since the 
electrical conductivity of the cooling water which passed the ion-exchange machine 4 at least is fully 
falling is kept low. 

[0076] If the activity ratio of ion exchange resin becomes large to it, the ion adsorption capacity 
force of ion exchange resin will become low, and the amount of the ion by which ion exchange resin 
is adsorbed from the cooling water per unit volume will decrease. Therefore, in order to keep low the 
electrical conductivity of the cooling water which circulates through the inside of the circulation path 
1 , it is necessary to increase the flow rate of the cooling water to the ion-exchange machine 4. 
[0077] If a control unit 8 computes the activity ratio of ion exchange resin in the step of S39 of S26 
or drawing 7 of above mentioned drawing 6 Conditional judgment is performed based on the activity 
ratio ( drawing 6 : S27, drawing 7 :S40). Control the flow control valve 1 1 prepared into (Y) and the 
bypass path 3 when an activity ratio was lower than a predetermined value, and the flow rate of the 
cooling water to the ion-exchange machine 4 is lessened. When an activity ratio is beyond a 
predetermined value, (N) and a flow control valve 1 1 are controlled and the flow rate of the cooling 
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water to the ion-exchange machine 4 is enlarged. Thereby, it cannot be based on the activity ratio of 
ion exchange resin, but the electrical conductivity of the cooling water which circulates through the 
circulation path 1 can be kept low. 
[0078] 

[Effect of the Invention] This invention does the following remarkable effectiveness so. Since the 
cooling system of this invention computes the activity ratio of ion exchange resin based on the ratio 
of the electrical conductivity of the cooling water which forms an electrical conductivity sensor in 
the inlet port and outlet of an ion-exchange machine, and is measured by these electric conduction 
sensors, the activity ratio of ion exchange resin can always be grasped correctly (claim 1). 
[0079] Since the cooling system of this invention computes the activity ratio of ion exchange resin 
from the fall rate of the electrical conductivity from circulation initiation of cooling water using one 
electrical conductivity sensor formed into the circulation path, it can always grasp the activity ratio 
of ion exchange resin correctly. Moreover, since the number of an electrical conductivity sensor can 
be decreased compared with invention according to claim 1 , the installation cost of an electrical 
conductivity sensor can be reduced (claim 2). 

[0080] Since the cooling system of this invention has the temperature sensor which measures the 
water temperature of cooling water in a circulation path, it is asking for the activity ratio of ion 
exchange resin, after it could carry out temperature compensation of the electrical conductivity of 
cooling water and it carries out temperature compensation, and becomes possible [ grasping the 
activity ratio of ion exchange resin more correctly ] (claim 3). 

[0081] Since the cooling system of this invention formed the flow rate sensor which measures the 
flow rate of the cooling water to an ion-exchange machine into the bypass path, it can amend the 
electrical conductivity of cooling water with a flow rate, and becomes possible [ grasping the activity 
ratio of ion exchange resin still more correctly ] (claim 4). 

[0082] The cooling system of this invention exists the flow rate of the cooling water to an ion- 
exchange machine in a circulation path, and since it presumes from the output of the pump for 
circulating cooling water, it becomes possible [ it becoming unnecessary to install a flowmeter in a 
bypass path, and reducing cost ] (claim 5). 

[0083] Since the cooling system of this invention controls the flow rate of the cooling water to an 
ion-exchange machine based on the activity ratio of ion exchange resin, it is not based on the activity 
ratio of ion exchange resin, but becomes possible [ circulating the cooling water of an always 
suitable amount in an ion-exchange vessel ] (claim 6). 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the block diagram showing the 1 st operation gestalt 

[Drawing 2] It is the map used with the 1 st operation gestalt. 

[Drawing 3] It is the flow chart which shows control of the 1 st operation gestalt. 

[Drawing 4] It is the block diagram showing the 2nd operation gestalt. 

[Drawing 5] It is the map used with the 2nd operation gestalt. 

[Drawing 6] It is the flow chart which shows control of the 2nd operation gestalt. 

[Drawing 7] It is the flow chart which shows control of the 2nd operation gestalt. 

[Drawing 8] It is the block diagram of the 3rd operation gestalt. 

[Description of Notations] 

1 Circulation Path 

2 Pump 

3 Bypass Path 

4 Ion-Exchange Machine 

5, 5a, 5b Electrical conductivity sensor 

6 Flow Rate Sensor 

7 Temperature Sensor 

8 Control Unit 

9 Branch Point 

1 0 Juncture 

1 1 Flow Control Valve 
20 Fuel Cell 

30 Radiator 
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;tT^S»& (N) ta*. MMip§£B8tt* ^-iFKfcfb 

*n«rff^ (S2 8) % ^Sli^T-r5 0 
[00 5 8] (2) J»9igUW-*^J:5*ft 

[0059] 0^0. ^Tf-vx^etjig^^^^ftaiTK 
»4ftiiiaLfcwa^*5»t5»a*^«»e*fio(g:T 

s*>-e* 0f««pPflrt^-<^>S5»»4 
[0060] :<7):^ftjffl it, >f a->'2fcift»4i;ia* so 
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IE-re r i*sa*Hf\ 

[006 1) i^T, H7S:#B8LT. wO^&t7)$iJ^ 
7D-|:o^TMt5o S31-S34^T*07P- 
te[H6 5 S 2 1 — S 2 4^T-<hl^— T-fe^OOT^ 

[0 0 6 2] S 3 Stefcl^T* 0f^M«l3li3»t«5fta 

i^ffl^O (%) tR£t5 0 jf^T. S3 6(C^31N 
S 3 37i^3Ri6ibttfc, 0f^BBrtlc*3*t5-f 

xsi»4^sa"r5?&a*^qz*&8iEa. s 3 1 -e#«>fc*i 

[00 6 3] g^T, S3 7|Iio^-C, S3 6T^ai^ 

tiftm^iBmm ^3 2x^^*1*:^;*^ 

^srJtR-r^o S3 7(c^i>x, (ft 
fttt) (unit) (n) ^^t 

^X8l«flBfi£fi6ffl*S:^ftA^*tli*DUT (S3 

8) , i&mi*. s3 6i:id, nxfm.f5.Gmm («■* 

[0 0 6 4] -ttUUfcfU S3 7ICio^-C N m^e^S 

(w-Sffi) =m^e^a (nsy«i) ir^o^»-& (y) 
SEBi«iiB«ffl**^ s 3 6 \z*s\,^xnw\zm\<^tLtzo{ 

[006 5]gl^ S4 0tCiol/>T. -f^-VXtft»JiB 
tt*fix.T^^*& (N) l:«. S4 ll:^^ $0^9 

Bf^ffi^s^7tj gcoa^i$:fT«/\ mmn^T-r^o 

[0066] *&w<Dft&mm<Dm2mtimm\c 

Sir>^5^r— flU^St L^^OT% 1 Hlfi^ffi 
[0 0 6 7] ^fc. JB2Hifi»JB(OftaJ3SIHw*5^T 
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[0068] m*x* m8&m\,^T*mw<D#i&mm.v> 

4) tW«T-*>5o 

[0069] O £ 9 % 08 *#fi«-f 5 <t . m 2 HffiJ^ffi 

<?>mmm&i v>mRift\zKtt bin* ^m^m^&x 
mm£itz>tiit>(D7i?>'7 2&&Lx\,^z> Q 
[0070] z<Dmm!&&itp\~n. 

^ayS-T5^:^C0SSir^7 £/6>Rft<b;fxxi^5o 20 

[0071] r^<-r/<^aas3*(c*i. ftaTk^o-r 
4^ja^^^a*o^a^ay^5SfEfi-fe>'^6 ir, -r 

[0072] ^fc. »3HjfijgiB^ft»as«tt. 

<o«ffl**s]?rS«: («ttf8 0%) fcH*. 

^OTt^^ffl^t-ct 19 . sKasu»# 1 1 (omm&mm 40 
[0073] xMrnwrnmizis^^xiL -ti-^&t&mm 

[0 0 7 4] Cco»ai*<0«ft»J»^o^Tl¥j£i--5. 
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8S4(cacii$^:5o 
[00 7 5] >f ^VX^»J!§0<£^sp^(g^^{C<L 

6 0 j:ot, ^^v^»^4tw»-r-5^ai7KosEa^/> 
*<tt>, -f ^-^«»4*iiaLfc?fta*<Da;»e* 

[0 0 7 6] ^*U£#LX. -f *^*8WMtoftffl**s 
4 9, *ffift:a$>fc!90?ftai7K^^-f tf-v2SSUIHIBU:!R 

[0077] mmmm s i*. mm \^ttm e <o s 2 e 
m7<DS3 9 <d*t ^M^i^x-r yt>&&ffiffi<ni&m 

fTl> (B6 :S27, B7: S40) , ttffl*^0f£tt 

(y) . ^-f^SK3*^R*te>tL 

(N) x flS*»J«l#l l4r*J«9LT-f ^-^«*»4^» 
[0 0 7 8] 

[38 *58Wf4. »:oJ:5 4af*Mt#t 

1) o 

[0 0 7 9] **M^)»aiSBtt, KRItfc 
5 (SS*«2) o 

[0 0 8 0] a^SSS^lC, ft£P 

*0««e?IW*:lMHtjE-f-Swi:*S'e#, r^MlEL 

[0081] ^%p^^?ft£p^eii, ^-f^a«s*(c. 
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fcfill^S ft* (»3ft«4) o 

[0 0 8 2] *XHOftfilS£Stt« -f^^XIftSl^f 

[0083] **wo*ai3SB«. -r ^->-af««]iBo« 10 

ft 5 (S»*«6) o 

[i^2] jbi jnt»iB-efflir^^y^-e*>5. 

[13 3] miMMMm<nfflffl&7F'r'7v-?- J r— hT-£> 

[134] i2lWl^f^P^^it-fc5o 20 



[13 5] S2^JS^T-ffi^-5^^7 P T-fe5 0 

[13 6] 82SW^M^f7D~ft- KT*> 

[13 7] $2^Wl^M^f7D-ft- ht'fe 
So 

[138] S3lSil^p^^i-e4>5, 
[^^^] 

1 mm&& 

2 tfisy 

3 '<>(V<*&88 
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5 f 5 a, 5 b m^^SirVi^ 

6 ffifiir 

7 fflS* 

8 ffilffKB 

9 ftt£& 

1 0 ^StjS 

i i mmmmfr 
2 o mnmm 

3 0 7^-^ 



[131 ] 



[136] 




t ST * RT ) 



i 



S21 



i 



S22 



I 



S23 



S25 



S27 




C END ) 



#BS2 003-346845 



[02] [B3] 





(10) 



2003-346845 



[B5] 



[07] 




100% 



C START! 



* 



S31 



* 



S32 



i 



S33 



1 gfigS>ggag*«iE?S [ ^S34 

I ♦ 

— — 



S38 



S36- 



*fifcs»«(tt«:fiE>-cS:m-*-s 




+A<flUAI*£ft) 


N 





4*>XM%&m=4ty*mmK£m* [ ^-S39 
S40- 




z5 — 



C END ) 



[1^8 ] 




< 11 ) 4#M2 003-346845 



-7 vis h-<— i/<DWl% 



(72)$£W% TUJ m& F^-A(#^) 5H027 AA02 KK31 MM16 



■3=r 



